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(54) Implantable electrical nerve stimulator/pacemaker with ischemia detector for decreasing 
cardiac worldoad 



(57) A method and apparatus for stimulating the right 
and/or left carotid sinus nerves or the right stellate gan- 
glion or the epidural space at about T2 with continuous 
and/br phasic electrical pulses in response to detected 
myocardial ischemia to de gLease ca rdiac wo rkload as a 
method to protect the myocardium. The automatic detec* 
tion of the need for such stimulation is responsive to a 
change in ST segment variation different from a prede- 
termined or programmed tiireshold suggesting acute 
myocardial ischemia and/br other criteria or indicators of 



myocardid ischemia, including changes if pH and/or oxy- 
gen satiration {SO2) detected from a sensor tocated in 
ttie heart preferably the coronary sinus. The system is 
implemented with a dual charrber pacemaker with pro- 
gramming and telemetry capabiFities for automatically 
recording in memory the aforementioned values for peri- 
ods of time preceding and fdlowing each instance of 
stimulation for telemetry out on command and for pro- 
gramming "on" one or more of the sensors. 
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Description 

This invention relates to an apparatus for electrically 
stimulating the certain nen^es for the prevmtion or Inter- 
ruption of txxits of myocardial ischemia, eitfier automat* s 
ically or upon external command by the patient or 
physidaa 

Vagal stimulation for the treatment of supraventricu- 
lar antiythmtas, angina pectoris, and heart failure with 
an automatic, permanentiy implantable, medical device io 
has been reported in the literature at least as for back as 
the early 1960's. The paper "Vagal Tuning* by Bilgutay 
et al in the Journal of Thnradc and Carrit pvascular Sur- 
flfiOt NAdI. 56. Na 1. July. 1968. ppi 71-82. descrft}ed the 
concepts of vagal stintjiation in the t-eatment of 75 
supraventricular arrhythmias, angina pectoris, and heart 
failure employing an implantable vagal stimulator. Vagal 
stimulation was effected through the application of elec- 
trical stimulation to the vagus nerve bf silastic coated, 
bipolar electrodes (of the type disclosed in Medtroruc 20 
U.S. Patent Na 3,421.51 1) surgically placed around the 
intact nerve or nerves. Bilgutay et al. designed and 
employed three different models of vagal stimulators, the 
first one having a magnetic switch by which It could be 
tiffned on or off from outside tfiebody to study tfie effects 2s 
of long term stimulation, tiie second type also iirplanta- 
ble but powered from outside by induction using rf fre- 
quency, and the tfiird, external type triggered by the R- 
wave of the subject's electrocardiogram to provide stim- 
ulation only upon an achievement of a certain heart rate. 30 
Bilgutay et al. found that when a pulsatile current with a 
frequency often pulses per second and 0.2 milliseconds 
pulse duration was applied to the vagus nerve, long term 
effective stimulation could be achieved, and also found 
that by increasing only the voltage ampfrtude and cur- as 
rent, more predictable changes on tfie electrocardio- 
gram could be obtained. The heart rate could be 
decreased down to half the resting rale while still pre- 
serving sinus rhytiim with up to 9 volts applied voltaga 
Atriol- Ventricular (AV) conduction dissodation and third 40 
degree heart block resulted at amplitudes exceeding 9 
volts, and complete asystole with vagal escape resulted 
when the appGed voltage exceeded 20 volts. Low ampli- 
tude vagal stimulation was successfully employed to 
control induced tachycardias and ectopic beats, and the 4S 
authors noted other advantages of vagal stimulation in 
alleviating adverse effects of availat)le drug therapies. 

Ottier investigators reported treatment of angina 
pectoris and paroxysmal atrio-ventricular junctional or 
SMpraventricular tachycardias through appFication of so 
carotid sinus nerve stimulation eirploying the Medtronic 
Angistat carotid sinus nerve stimulator (csns) then avail- 
able from Medtronic, Inc. in papers such as "Carotid 
Sinus Nerve Stimulation in the Treatment of Angina Pec- 
toris and Supraventricular Tachycardia", California Med- 55 
idne, 112:41-50. March. 1970, and in papers referenced 
therein. These papers describe the system for effecting 
carotid sinus nerve stimulation by a radio frequency 
responsive stimulator activated by the patient at wBI in 



response to the patienfs awareness of the onset of 
angina and/or supraventricular tachycardia. 

Angina pectoris is a chest pain that acconrpanies 
and is indcative of myocardial ischemia Oftentimes 
myocardial ischemia is "silenT and not accompanied by 
angina pectoris. In either case, ischemia is an oxygen 
starvation of the myocarcfium that is a precursor to myo- 
cardial infarction or tiie death of the starved myocardial 
cells. To protect these cells, the cells* oxygen demand 
must be reduced (or coronary flow increased). 

The oxygen demands of the heart are not simply a 
function of the extemal work of the heart that is. the 
product of arterial pressure and cardiac output The 
development by the ventricles of pressure (more stricfly 
speakhig. tensfon) has a high oxygen cost In addrtion to 
tension, the level of myocardial contractility, tfiat is tiie 
Inotropic or contractual state of the myocardium. Is a sec- 
ond important determinant of the heart's oxygen needs. 
* A third factor, of course, is that the heart's oxygen con- 
sumption is a function of cardiac frequency - the number 
of times the heart contracts per unit of time. A number of 
other physiologic variables have been studied, but none 
even approaches) in importance tfie three factors men- 
tioned above - tension, contractility and heart rato - in the 
detenmlnation of myocardial oxygen consunrption. 

ft is generally appreciated tiiat angina pectoris 
results from an imbalance between the hearts oxygen 
needs and the oxygen supply. In the large msyority of 
patients this imbalance results from a defect in the defiv- 
ery of oxygen to the myocardium as a consequence of 
otstruction in the coronary vascular bed secorxiary to 
atiierosderosis or coronary spasm. In ottier patients, 
however, this imbalance results to a significant extent 
from increased myocardial oxygen demands, as occurs 
in aortic stenosis, thyrotoxicosis and tachycardia. Ideal 
tiierapy for severe nrryocardial ischemia would he to 
restore ttie balance between supply and demarxl in as 
physiologic a manner as possible - by increasing oxygen 
delivery when it is limited, and by reducing oxygen 
demarxis when these are excessive. In practice, ft may 
be difficult or impossible to increase oxygen delivery, par- 
ticularly in patients with diffuse severe atiierosclerosis. 
Some researchers have sought to relieve angina pec- 
toris by redudng myocardial oxygen consumption 
through stimulation of the vagus nerve. 

Investigators focused upon the use of carotid sinus 
nerve stimulation in the treatment and control of angina 
pectoris for regulation of the patienfs blood pressure, 
and observed ttiat tiie effect of the application of carotid 
sinus nen^e stimulation provided a safe means for initi- 
ating reflex vagal activity which in torn effected a slowing 
in a patient's heart rate or even terminating a supraven- 
tricular tachycardia. 

In U.S. Patent Na 3.650,277. it was also proposed 
to stimulate the left and right carotid sinus nerves in 
response to the detection of elevated mean arterial blood 
pressure to alleviate hypertension. 

Thus it is well known that the application of stimula- 
tion to the right or left carotid sinus nerves, either directly 
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or indirectiy: has the effect of lowering Nood pressure 
which in turn deaeases ischemia and attendant angina 
pectoris synptoms. with the danger that an important 
bradyarrhythmia may be induced in the process. 

Difficulties in detecting ischemia and providing s 
proper amplitudes, frequencies arxt duration of the elec- 
tricat stimulation has effectively led to the near abarxlon- 
ment of t^us therapy in recent years. It has also been 
shown that many important and significant episodes of 
ischemia may not be detected by the patient and further io 
caidiac damage may follow. TNs fimfts the use of patient 
activator systems. 

The preserrt invention contemplates an apparatus 
for detecting tschenrua and both affecting stimulation of 
nerves regulating blood pressure and heart rate to is 
reduce the heart's oxygen requirements whie provicfing 
pacing therapies to maintain the patienfs heart rhythm 
within acceptable Omits. It is thus an object of the present 
invention to ameliorate myocardial ischemia and main* 
tain adequate cardiac rate through stimulation of the 20 
vagal nervous system (or other effective nerves) as well 
as the heart tissue in a concerted fashion dependent 
upon need as automatically determined by the system. 

Preferably, the present mvention contemplates the 
detection of an ischemic condition susceptible to correc- 25 
tion by stimulation of such nerves ty comparison of the 
patient's coronary sinus blood pM and/or oxygen satura- 
tion and/or electrocarcfiogram ST elevation to preset 
nomoal thresholds and triggering burst stimulation of the 
nerves until the blood gas and/or ST segment variations 30 
have been returned to non-clinical risk levels. 

Moreover, the preferred apparatus of the present 
invention contemplates the inclusion of botti atrial and 
ventricular sequential pacing in order to most physiolog- 
ically overcome bradyan-lythmias and/or unphysidogi- 35 
cat AV delays induced by the nerve stimulatioa The AV 
sequential demand pacemaker may be provided with 
memory capabilities of storing the patients electrogram 
and blood gas signals for a predetermined time interval 
preceding and following each instance tiiat nerve stimu- 40 
tation is found necessary for later telemetry out on com- 
mand and analysis by the physfoiaa The real time of the 
event may also be stored in memory for later telemeter- 
ing out 

The system of the present invention is provkied with 4S 
sensors for detecting blood pH and oxygen saturation 
content (S02)and/or heart rate which are indicative of 
ischemia Preferably the sensors are located in the cor- 
onary sinus or a coronary vein to measure the dissolved 
oxygen and^or the lactic add level of myocardial venous 50 
return blood. The system preferably includes program- 
mable thresholds against which the signals developed 
by the sensors and the ST elevation are compared. 

In the practice of the invention, a physician may exer- 
cise a patient on a treadmill and thereby induce ischemia 55 
while measuring the QRS heart rate, ST segment thresh- 
olds, blood pH and blood gas values and program the 
threshold levels of those parameters and the operating 



characteristics or modes of the Implantable device of the 
present inventfon. 

At the same time, the physidan may examine the 
effidency of the vagal stimulation parameteis in alleviat- 
ing the patient's induced ischemia and attendant anginia 
pain. 

It is an object of the present invention therefore to 
provkle an improved apparatus for inf luendng the blood 
pressure in a patient in particular for reducing the blood 
pressure of a patient suffering from angina pectoris at 
appropriate times, by electrical stimulation of afferent 
nerve paths from the baroreceptors of the patient in par- 
ticular the carotid sirvs nerve or nerves or the right stel- 
late gangfion or the epUuial space at about T2. 

The device according to the invention corrprises a 
system for influencing the natural biological blood pres- 
sure regulatory system in a patient by electrical pulse 
stimulation of the patienTs nerve system to reduce blood 
pressure in response to the output of a physfofogtc sen- 
sor, characterized in that 

said sensor comprises Ischemia sensor means 
adapted to t>e located within the venous return system 
of a patient's heart for sensing a constituent of the 
venous return blood draining from myocardial tissue and 
for produdng an electrical output signal sut)stantialy 
representing a chemical constituent of said venous 
return t)lood, and signal transforming means for receiv- 
ing saki electrical output signal and for developing a stim- 
ulation trigger signal in response to sakI output signal 
indicative of a condition of ischemia arxJ means respon- 
sive to said stimulation trigger signal for applying electric : 
stimulation pulses to said nerve system. 

Preferably one uses an electrode applied to each 
one of the carotid sinus nerves of the patient in wfiich 
case the pulse generator is provided with two pulse out- . 
put trains generating circuits connected to said elec- 
trodes respectively. The device according to the 
invention may further comprise a synchronization signal 
generator for producing a control signal for the pulse gen- 
erator dependent on the heart activity of the patient, and 
that the pulse generator produces, in response to said 
control signal, a pulse train of limited lengti]» which starts 
at the beginning of the heart cyde and iri which ttie 
majority of pulses in the train are applied during the first 
portion of the heart cyde. 

Thus, the present invention seeks to integrate the 
characteristics attendant to the onset of myocardial 
ischemia in order to treat the patients myocardial 
ischemia and/or anginal symptoms by stimulation of the 
specified nerves and, where appropriate, the heart 

These arxJ otfier advantages of the present Inverv 
tion are best urxierstood from the fdlowing description 
of a preferred embodiment given by way of example 
only, with reference to the drawings, in which: 

Rgure 1 is a diagrammatic Illustration of the heart, 
its associated blood vessels and nerves, and a 
device according to the present invention coupled 
thereto: and 
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Rguro 2 is a block diagram of a system according to 
the present invention for detecting ischemia, treating 
the ischemia and providing therapies to the heart 

Before discussing the preferred emlxxJiment of the s 
present invention, it is helpful to briefly discuss the nat- 
ural baroreceptor heart rate control system, which is 
shewn in Rg. 1. The heart 10 pumps oxygenated t)iood 
out through the aortic arch 12, which leads to the right 
subclavian artery 14, the right common carotid 16, the io 
left common carotid 1 8, the left subclavian artery 20. and 
the thoracic aorta 22. The bod/s system utilizes stretch 
receptors located in the arterial walls in the aortic arch 
12 and at the bifurcation of the carotid arteries 16, 18 In 
the carotid sinus portion of the neck. The bifurcation of is 
the carotid arteries 1 6. 18 leads to exterior carotid arter- 
ies 24, 26. respectiveiy, and to interior carotid arteries 
28, 30, respectively. 

Nerve fibers extending from stretch receptors in the 
aortic arch 12 join ttie left and right vagus nerves 32, 34, 20 
respectively, with ttiese fibers being refen^ed to as car- 
diac depressor nerves 36. 38. A number of nerves 
extend from the stretch receptors at the bifurcation of the 
carotid arteries 1 6, 1 8 tn the carotid sinus, with the areas . 
immediately above the bifurcations being referred to as 2s 
the carotid bodies 40, 42. Nerve branches 44, 46 extend- 
ing from the carotid bocfies 40, 42, respectively, join the 
ganglions of vagus 48. 50. respectively Other nerve fib- 
ers comprising the sinus nerve branches 52, 54 (gener- 
ally referred to as "Hering's nerves') of the sa 
glossopharyngeal nerves 56. 58, respectively, also 
extend from the carotid bodies 40, 42. respectively, to 
the medulla (not shown). 

The rate of ttie heart is restrained by the right and 
left vagus nerves 32,34, respectively in conjunction with 3S 
the cardiac depressor nerves 36. 38. respectively. The 
cardio-inhibitory center of ttie nervous system exerts a 
tonic effect upon the heart via the vagus nerves, 
restraining its rate. This effect is better known as vagal 
tone. The loss of vagal tone may be instrumental in trig- 40 
gering various arrhyttimias including paroxysmal atrial 
tachycardias, premature atrial extra systoles, atrial fibril- 
lation, tachycardia, etc. In either case, selective elec- 
trode stimulation of the right or left vagus nerve 32. 34 
may, as shown by Bilgutay et ail bring into control the 4S 
tachycardias of ventricular or supraventricular nature 
wittiout resorting to direct stimulation of the heart. With 
vagal stimulation, H is possble to slow ttie heart rate 
down and allow more complete cardiac relaxation. 

It should be understood ttiat for ease of illustration, so 
the heart, the nerves, arteries, veins and pulse generator 
and lead system are not necessarily depicted in proper 
scale or proportion. In Rg. 1 ttie cutaway view of the 
heart 10 shows ttie coronary sinus opening 1 1 into ttie 
great coronary vein and associated lesser coronary ss 
veins into the right atrium. A pulse generator 60 having 
an indifferent case electrode 60' and containing the sens- 
ing, nerve stimulation and brady pacing pulse generators 
of ttie present invention is shown in relation to ttie heart 



1 0 and the carcfiac nerve system. A lead body 66 coupled 
to pulse generator 60 extends into the coronary sinus 11 
and (optionally) deeply wittiin ttie coronary vein 13 and 
preferably cam'es a pH and Wood oxygen sensor (not 
shown in Rg. 1). A second lead 62 extends from ttie 
pulse generator 60 ttirough ttie right atrium and into ttie 
right ventricle of the patient's heart to position an elec- 
trode 63 deep within the ventricular apex. The position- 
ing of botti the coronary sinus lead 66 and the right 
ventricular lead 62 in ttie heart is well known. Preferably 
ttie lead 66 cam'es at least one electrode 67 for providing 
sensing of ttie atrial electrogram and stimulation of ttie 
atriunt The electrode 67 may be located akxig lead body 
66 to enable it to be positioned wfttiin the coronary strus 

11 or deeply wittiln ttie coronary veiri 13. 

A second pair of electrical leads 68 and 70 extend 
from the connector t)lock of the pulse generator 60 to 
respective nerve electrodes 74 and 76 placed around ttie 
right and left carotid sinus nerve bodies in a manner 
descrS>ed, for example. In ttie aforementioned U.S. Pat- 
eril Nos. 3. 421,511 and 3.522,811. 

The spedfc location of the nerve electrodes 74 and 
76 may be varied, and it is contemplated ttiat in ttie prac- 
tice of the present invention it may be possible to place 
such electrodes at ttie right or left stellate gangGons (48 
and 50). Alternatively, it is contemplated ttiat a single 
lead and electrode could be extended from the pulse 
generator 60 to a (forsal column stimulating electrode. 
The electrode may be positioned in the epidural space 
ipughly at level T2 and may be of ttie type sold by 
MedtrorUc, Inc. as part of the Resime II® and Pisces- 
Sigma ® electrode system or described in Medtronic 
U.a P&tent No 4.414,986 and ottier Medtronic patents 
referenced therein. 

In accordance with the present invention, it is con- 
templated ttiat ttie lead 66 will carry a bdood pH sensor 
of ttie type described in U.a Patent Nos. 4,009,721, 
3,577,315, 3,658,053, 3,710,77a A men*rane pH sen- 
sor electrode is typically placed in the right ventricle and 
senses pH, which is proportional to (he blood concentra- 
tion of cattx>n dioxkle, which in turn is generated in 
increasing amounts by exercise as explained in U.a Pat- 
ent 4,716,887. In ttie 721 patent a diminution in the pH 
level is used to produce a higher paced cardiac rate. 
However, in the context of ttie present invention, it is con- 
tenrplated ttiat the pH sensor will be placed on lead 66 
just inside ttie coronary sinus 1 1 to detect ttie level of 
lactic ackl in venous return tjlood which is expected to 
increase with exercise of the cardiac muscle, particularly 
if ttie muscle is stressed by a lack of suffident oxygen 
due to constriction in the cardiac arteries as a result of 
cardiac artery diseasa Myocardial ischemia is virtually 
invariably associated witti an increase in the blood lactic 
add level in the coronary sinus. The increase in blood 
lactic add level is accompanied by a decrease in pH. 

In addition to ttie pH sensor, it is contemplated ttiat 
the lead txxfy 66 will also carry a dissolved t>lood oxygen 
sensor of ttie type described in Medtronic U.a Patent 
Nos. 4,750.495. 4.467,807 and 4.791,935. An optical 



7 



EP0721 786 A2 



8 



detector is used to measure the mixed venous oxygen 
saturation. In the aforementioned patents, a diminution 
in the mixed venous oxyigen saturation is used to pro- 
duce a higher paced cardiac rate. 

In the context of the present invention, it is expected s 
that the oxygen tension within the coronary sanus may 
be either increased or decreased during ischemia, 
although most times it would be deaeased or remain the 
same. The reason for the increase would be that if a large 
area of the myocarcfium is ischemic and oxygen Is not io 
b&ng Sillied to that area, then the coronary sinus oxy- 
gen Content might indeed increase. On the other hand. 
It would normally be expected that the oxygen content 
would decrease as dissolved oxygen decreases in those 
drcumstances. is 

In the context of the present invention, it is expected 
that during the workup of the patient conducted by the 
physldaa it would l>e determined whether or not the 
patient's heart condition would cause the change In oxy- 
gen saturation measured in the coronary Sffius to be a 20 
meaningful predictor or irxJicator of Ischemia or not If 
not. then the. system would be programmed to not 
employ the signal developed by the oxygen sensor or It 
would t>e in any case insuff iderrt to trigger the detection 
of ischemia in a manner to be described hereafter. In 2S 
either case, the system Is configured to store the actual 
signal developed by theblood oxygen sensor in the event 
that the blood pH and/or ST segment variation satisfy the 
programmed Ischemia thresholds for those sensors or 
values. 30 

Turning to the ST segment variation detection, the 
pulse generator 60 Is provided with a system for meas- 
uring the ST segment variation of the far field QRST com- 
plex measured between electrodes on leads 66 and 62. 
Myocardial ischemia is frequently associated with varia- 33 
tion of ST segments of the QRST electrocardiogram 
measured tx>th by surface EKQ electrodes and t}y car- 
diac ECG electrodes. Agaia the physician would deter- 
mine and program into the implantable device 60 the ST 
variation threshold established in the workup of the 40 
patient during exerdse and induced systerns of angina 
pectoris. 

Turning now to Fig. 2, the overall system for detect- 
ing concBtions of Ischemia, stimulating the aforemen- 
tioned nerves, providing t>ackup brady and tachycardia 45 
pacing therapies and storing ischemic episodes is 
depicted. The system of Rg. 2 ts preferably implemerrted 
in custom integrated drcuit technology and may option- 
ally be embodied in microprocessor arcNtectur& 

In Fig. 2, the pH sensor 90 and SOg sensor 92 so 
develop output signals which are conducted by conduc- 
tors ¥vithin lead 66 to interfaces 94 and 96 which condi- 
tion the signals as is well known in the art The 
electrocardiogram ECG is measured between a coro- 
nary sinus electrode 67 and the right ventricular elec- ss 
trode 63 arxJ applied through interface 97 to differential 
airplifier 98. The outputs of the interfaces 94 and 96 and 
the differential amplifier 98 are coupled through the sig- 
nal processing droits to the programmat)le logic array 



1 00 in a fashion such that If one or more of the Indicators 
of ischemia are present, tfie gate array 100 provides an 
output signal to a timing one shot 102. the ODD backup 
pacemaker 104 and the transfer fogic block 106 so that 
the burst stimulator 108 is enabled to provkie a buifst of 
stimulating piJses to one or both electrodes 74 and 76 
through respective leads 68 and 70, to eifect transfer of 
data from the pH buffer 1 1 0. tiie SO2 buffer 1 1 2 and the 
ST segment buffer 114 to permanent memory (not 
shown), and to switch on the ODD backup brady pacing. 

Returning to ttie signal developed by the pH sensor 
90 through kiterface 94, it is stored In pH buffer 1 1 0 and 
differentiated in differentiator 1 1 6 and thereafter applied 
to aflrst inputtermffial of the pH comparator 1 18 to deter- 
mine whether or not the differentiated value of the blood 
pH falls below the rate of change of pH threshold, estab- 
lished by progr am mable set point 120. over a given 
perkxl of time. e.g.. 30 seconds. The output of the pH 
comparator is applied to one Input of programmable 
array 100. 

Similarly, the signal devetoped tiy the SO2 sensor 92 
processed by Interface 96 is stored 'm SO2 buffer 112, 
differentiated by differentiator 124 and appfied to a first 
input terminal of the S02 comparator 126. The second 
input erf the SO2 comparator 1 26 IS coupled to a program- 
mable set point 128 for establishing a rate of change of 
SO2 threshold. k\ the event that tirie differentiated SO2 
value falls atxsve or bek3w the set point 128, the output 
signal of comparator 126 is appfied to a second input of 
logic array 100. 

The measurement of the ST segment variation is V; 
somewhat more compicated inasmuch as it is neces- 
sary to provkie a measurement wirxiow for the ST seg- 
ment of the electrocardiogram wNch eliminates the 
possibility of inadvertentiy measuring the amplitude of 
ttie QRS complex itseH In order to acoompGsh this. It is 
contemplated that Ihe QRS complex Is sensed by a fur- 
ther sense amplifier 136 wittiln the DDD pacemaker 104 
having a first Input terminal connected, to the electrode 
63 and a second input terminal connected to the case 
electrode 60* of the pulse generator 60 or to a further 
electrode on lead body 62 to develop an R^wave out sig- 
nal RS each time the QRS complex occurs, in a manner 
well known in the padng art The signal RS is applied to 
one input of gate 1 38 which passes it to a timing window 
drcuit 140. The gate 138 also receives at a second Input 
terminal the ventricular stimulating pulse VP of the DDD 
backup pacemaker 104, In ttie event ttiat 4t has been 
switched on eitiier by tfie fogic 1 00 or by the failure of ttie 
patient's heart to beat at the lower rate of the DDD pace- 
maker. In any event the VP pulse is likewise passed 
through, the gate 138 and can start the timing window 
drcuit 140. The output of the drcuit 140 provkles ttie tim- 
ing wirxiow commendng at the end of a delay after either 
an RS or VP signal arxJ ending at the end of the pro- 
grammed timing window. For example, the timing win- 
dow may extend from 50 millisecorxfs following the 
production of ehher an RS or a VP signal arxJ end 150 
to 200 milliseconds thereafter. Within that time window. 
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it wouW be expected that the eiectrocarcnogram would 
exhtoit the patienTs ST segment so that its anpRtude 
could be measured. 

The output of the timing drcuil 140 is applied to an 
inverter 1 44 and to gate drcuit 146 for enaWing the pas- s 
sage of the ST segment of the ECG signal to the Irput 
of the integrator 148. The integrator 148 integrates the 
voltage of the ST segment over the timing window and 
applies it to one input of the ST comparatcr 1 50. At the 
same time, the ST segment of the ECG is stored in ST io 
buffer 114. 

The second input of the ST comparator 150 is cou- 
pled to the programmable ST variation threshold set 
point 152. The output of the ST comparator 150 is cou- 
pled to the third input terminal of logic array 1 00. When is 
the value of the integiated ST segment exceeds the 
threshold, the ST comparator 150 provides a further sig- 
nal indicative of the onset of ischemia to logic 100. 

The programmable logic array 100, may be pro- 
grammed from outside the patient's body by a program- 20 
mer of the type described in Medtronic US. Patent Na 
4,550,370. Thus the physician can choose to use one or 
more of the output signals of the three sensors in com- 
bination. If more than one sensor is selected, then logic 
100 operates as an AND gate requiring that al selected 2S 
sensor outputs indicate the onset of ischemia before pro- 
viding an output tr^germg signal to the ODD pacemaker 
104, the one-shot 1 02 and the transfer logic 106. 

\A/hen the conditions programmed Into logic array 
100 are sattsfled it issues an ouQsut to one shot 102 30 
which in tum issues a start command pulse to program- 
mable stimulator 1 08. Programmed electrical stimulation 
pulse trains are appHed to the electrodes 74.76. If pro- 
grammed "on," the pulse trains may be synchronized to 
the next detected RS out from amplifier 1 36. 35 

Similariy. the external programmer can be used to 
control the setting of ttie thresholds of the programmable 
set points 120. 128 and 152 as well as the timing of tiie 
timing window circuit 140 and the synchronization delay 
of 108 to a ventricular event. 40 

The DDDpacemakerdepictedin block 104also may 
include a discrete digital logic or microprocessor based 
timing and control circuit 154. an atrial sense anplifier 
156 coupled to tiie coronary sinus electrode (or a sepa- 
rate atrial electrode bearing lead) for developing a P- 45 
wave out signal AS. and atrial and ventricular pulse gen- 
erators 1 58 and 1 60 for producing tiie atrial and ventricu- 
lar stimulating pulses AP and VP. The sense anplifiere 
and output pulse generators are coipled tivough blank- 
ing and refractory interfaces 97. 162and 164inamanner so 
well known in the pacing art The DDD pacemaker may 
have progranr¥nable parameters and modes as weD as 
uplink and dowrilinktelemetry as is well known in tfie art 
The pacemaker may, for example, take tiie form of the 
Medtronic® SYMBIOS® Model 7005 or like pacemaker ss 
and the DDD pacemaker disclosed in Medtronic U.S. 
Patent 4,390.020. One specific operating mode for the 
pacemaker 104 may be to program it to operate only after 
receiving a trigger signal indicating ischemia at trigger 



input 166 and then only until tiie heart's own rate rises 
above a programmable lower rate. 

Although a DDD pacemaker 104 is depicted, it will 
be understood that a single chamber pacemaker could 
also be used to stinwlate only tiie ventricle and serve 
only the QRS complex. The pacemaker may take the 
form of any of the programmable pacemakers available 
OTthepriorart 

A further programmable feature of the system of the 
present invention lies in the selection of the burst pulse 
train stimulation frequency, amplitude and number of 
impulses in each burst as wen as the spacing between 
impulses through tfie programmable stimulator 108. 
Again witii the aid of an external programmer, the physi- 
cian may select each of the parameters of the burst stim- 
ulation from an avanat)le menu at tiie time of patient 
workup. In addition, in this regard, the programmer may 
select one or botti of ttie electrodes 74 and 76 for appfi- 
cation of stimulation pulses to ttie desired nerves or the 
epidural space. The programmable nmplantable stimula- 
tor 108 may take the form of the Medtronfo® Itrei® 
tmplantat)le neurotogical device Model 7424 pro- 
grammed by the Model 7432 console programmer. 

In use of the system depicted in Rgure 2. it is con- 
templated that a patient woukf be selected for irrplanta- 
tion of such a system by a workup procedure employing 
temporary pH and oxygen sensor bearing leads placed 
wittiin the patients coronary sinus and right ventrfde 
coipled to an external version of the system depicted in 
Rgure 2 in order to ascertain ttie patienf s ttiresholds at 
tiie onset of symptoms of angina pectoris. During this 
procedure tiie physidan woukJ select ttie parameters of 
tiie first stimulation from ttie menu (ttiat wouM likewise 
be available in the implanted stimdator) and. from ttie 
effect on ttie heart rate, settf e on ttie initial therapies and 
sensing ttiresholds to be programmed In the implanted 
devica 

A system depicted in Rgure 2 is contemplated to 
possess radio frequency telemetry 1 90. 1 92 for both tiie 
aforementioned downlink telemetry of programmable 
mod^ and parameters as well as uplink telemetry (as 
shown, for example, in U.S. Patent Na 4,556,063) of data 
derived from the sensors and the electrocardiogram. To 
this end. the transfer-to-memory togic 106 effects ttie 
transfer of the contents of tiie buffers 110. 112 and 114 
as well as the real time (date and time of day) clock 200 
data into memory for later telemetry out of the pulse gen- 
erator i^n command. Such tplink telemetry syistems 
are in current use in implantakale pacemakers and other 
irrplantable medical devices. 

The system depicted in Fgure 2 may advanta- 
geously also be combined with an anti-tachycardia pac- 
ing system where certain of the sensors may 
advantageously be employed to detect or confirm tiie 
detection of tiie supraventricular tachyarrhytiimia. It will 
be understood that at times ischemia is acconrpanied by 
a supraventricular tachycardia and ttiat the stimulation 
of the carotid sinus nerves or other nerves related thereto 
may effect botfi the lowering of the blood pressure as 
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well as the heart rate and aeate AV tkock or prolonga- 
tion. The ODD tiackup pacing in the system of the 
present invention is primanly intended to restore sequen- 
tial heartbeat at the lower rata However, the system may 
Incorporate the anti-tachycardia pacing therapies in the 5 
event that the logic circuit 1 00 does net trigger the stim- 
ulator 108 t)ecause one or more of the smse corxiitions 
does not meet the ischemia threshold for that sensor. 

The system may further indude a patient-initiated 
storage of the aforementioned physiological conditions 10 
and treatment by delivery of stimulatioa Failure of stim- 
ulation to prevent recurrences witNn a programmable 
period of time after detection of each episode is stored 
in memory and triggers an increase in stimulation ampli- 
tude and/or duratoa Stimulation frequency may be var- is 
led in a predetermined manner from ttie optimum 
stimulation frequency, ampTitude and duration deter- 
mined during patient worku|3 and a patient ovenide may 
be provided to turn the stimulation on or off. 

It win be apparent to those skilled in the art ttiat the 20 
electronics of the system described above are easily 
attainable using available technology. The electronics 
may be embodied in custom integrated circuit and soft- 
ware based microprocessor technology. It will t>e urxler- 
stood that whOe the major corrponents of the system, 25 
e.g. the pacemaker and nerve stimulator, have been ref- 
erenced to existing discrete impleintable devices* they 
and the remaining described components of Figure 2 
may all t>e Incorporated within a single implantable 
device (wHh the elimination of dtpficated features) arxi 30 
programmed bf a single external programmer arxi 
telemetry receiver. 

It will tiius be appreciated that the present invention 
as described above defines a system havirtg distinct 
advantages over pranously existing systenrs for reduc- 35 
ing ischemia by stimulation of nerves typically the carotid 
sinus nerves. This system features a high degree of spe- 
cificity to ischemic conditions and a h'gh degree of flex- 
ibility for recognizing and treating conditions and 
arrtiytiimias of a heart frequently associated with coro- 40 
nary artery disease and myocardial insuffidency. 

Although an exemplary embodiment of the present 
invention has k>een shown and descrbed, It will be appar- 
ent to those having ordinary skill in tiie art ttiat a number 
of changes, modifications, or alterations to the invention 4S 
as descrtoed herein may be made, within the scope of 
the apperxied claims. 

This application is a divisional of EP-A-0530354. 

Claims so 

1 . A system for inf luendng the natural bfologk:al tHood 
pressure regulatory system in a patient by electrical 
pulse stimulation of tiie patient's nerve system to 
reduce t)lood pressure in response to the output of 55 
a physiologic sensor, characterized In that: 

said sensor comprises ischemia sensor 
means (90,92) adapted to be focated within the 
venous return system of a patienf s heart for sensing 



a constituent of the venous return t3lood draining 
from myocardial tissue arxi for producing an electri- 
cal output signal substantially representing a chem- 
ical constituent of said venous return blood, and 
signal transforming means (100) for receiving said 
electrical output signal arxi for developing a stimu- 
lation trigger signal in response to said output signal 
incficative of a corxiition of ischerria and means 
(1 08) responsive to said stimulation trigger signal for 
applying electric stimulation pulses to saki nerve 
system. 

2. The system of daim 1 further comprising: 

electrode means (74,7Q coupled to sakI 
patienfs heart for detecting the patienTs electrocar- 
diogam; 

. means (97) responsive to sakJ patienTs eleo- 
trocardiogramfbrdevefoping asignal r^resentative 
of the ST segment variation of that electrocardio- 
gram; 

means (1 50) for comparing the measured ST 
segment variation to an ST segment variation 
ttireshokl level and provkiing an ST segment output 
signal when the measured ST segment varies from 
tine ST segment variation ttireshoki In a predeter- 
mined manner, and 

means responsive to both sakt ST segment 
output signal and saki trigger signal for triggering 
saki stimulation means (108). 

3. The systems of daim 1 or 2 wherein sakt ischemic 
sensor means comprises: 

a blood gas sensor means (92) for detecting 
a vakje related to bfood gas within the venous return 
system of said patient's heart arxi devefoptng a 
bfood gas signal in resporse thereto; 

means (12) for estat>lishing a blood gas 
threshold value: 

comparator means (1 18) for comparing saki 
bfood gas signal to said blood gas tiireshoM value 
and developing a blood gas difference signal; 

arxi wherein saki signal transfocjming means 
(100) further comprises: 

means for triggering saki stimulation means 
in response to a predeternuned value of saki blood 
gas differerx:e signal. 

4. The system of claims 1 , 2 or 3 wherein saki sensors 
means coirprises means (90) for detecting the pH 
of the patienfs k)food In the coronary sinus of ttie 
patient's heart 

5. The system of daim 3 wherein saki blood gas sensor 
means comprises means (92) foe sensing dissolved 
bfood oxygen (2O2) in venous return bfood in the cor- 
onary sinus region of said patienfs heart 

6. The system according to any preceding claim further 
comprising: 
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means (1 06) for provkling pacing stimulation 
energy pulses to said patienTs heart in response to 
a low heart rate; 

electrode means (74,76) for coupling said 
padng stimulation pulses to said patient's heart; and 5 

sensing means (63,67) coupled to said elec- 
trode means for sensing the eiectrocaidiogram of 
the patienfs heart and determining that a bradycar* 
dia condition exists. 
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